SVV is a relapsing-remitting autoinflammatory disorder leading to necrotic inflammation of small-sized blood vessels and capillaries 1 . ANCAs directed against granule proteins of neutrophils, namely against PR3 in Wegener's granulomatosis and MPO in microscopic polyangiitis, are implicated in the pathogenesis of SVV 2 . In vitro studies have demonstrated an activating effect of ANCAs on cytokine-primed neutrophils 3 , which was further corroborated by animal models of these diseases 4, 5 . However, the basic mechanism that induces the lifethreatening exacerbations of vasculitis and the sustained autoimmune response against neutrophil components remains elusive.
A unique type of cell death of neutrophil granulocytes has recently been discovered that is characterized by the active release of chromatin fibers, so-called NETs, that trap and kill invading microbes extracellularly 6 . However, this glutinous DNA web can also stick to the endothelium and cause tissue damage during sepsis 7 , similar to neutrophil-induced inflammation of capillaries in SVV. The stimuli leading to NETs can be of varying nature but are always dependent on the respiratory burst of neutrophils 8 .
As ANCA can activate the respiratory burst by binding to PR3 or MPO on the neutrophil surface 3 , we examined whether ANCAmediated activation of neutrophils induces NET formation. We primed isolated neutrophils with tumor necrosis factor-a and incubated them with purified IgG from individuals with SVV or healthy donors as performed previously 3 . We observed robust NET formation (as determined by immunofluorescence 6, 8 ; Supplementary Methods online) in neutrophils incubated with ANCA-IgG ( Fig. 1a and Supplementary Table 1 online) but not in those incubated with control IgG, in which most nuclei retained the typical lobulated structure (Fig. 1b) . After 180 min, we found that 23% of neutrophils incubated with ANCA-IgG produced NETs, compared to 11% of control IgG-treated neutrophils (Fig. 1c) . Incubation with phorbol 12-myristate 13-acetate (PMA), known as a strong inducer of NETs, triggered NET production in 38% of all neutrophils (Fig. 1c) . We also induced NETs with a PR3-specific mouse monoclonal antibody ( Supplementary Fig. 1 online) , supporting the hypothesis that PR3-specific autoantibodies within the ANCAIgG fraction trigger NET formation. ANCA-induced cell death of neutrophils was previously regarded as a dysregulated form of apoptosis 9 , but the link to NETs had not been noticed. The morphological changes of neutrophil nuclei clearly indicated to us that ANCAinduced NETs were of nuclear rather than of mitochondrial origin, as recently described for activated eosinophils 10 . Next, we asked whether the targeted autoantigens, PR3 and MPO, are present on NETs. Immunofluorescence analysis of PMA-induced NETs revealed that both PR3 and MPO localized with the extracellular chromatin fibers (Fig. 1d,e) . Notably, using an ELISA approach, we observed that PR3 bound DNA-coated wells, but not albumin-coated wells ( Supplementary Fig. 2 online) , indicating that not only MPO 11 but also PR3 may directly interact with the DNA in NETs. Sera from people with SVV showed strong reactivity with NETs, showing that the epitopes targeted in vivo were still accessible on NETs ( Supplementary  Fig. 3 online) . Moreover, we found that an antimicrobial peptide made by neutrophils, called LL37, was enriched on parts of the chromatin fibers of NETs (Fig. 1f) . As shown recently, LL37 is key in converting self-DNA into an activator of plasmacytoid dendritic cells (pDCs) in psoriasis, an autoimmune disease of the skin 12 . Hence, extracellular NETs in conjunction with LL37 could have a pathogenic role in SVV.
Seeking in vivo evidence of NET formation, we analyzed a panel of kidney needle biopsies from subjects with SVV and acute deterioration of kidney function (n ¼ 15) by in situ immunofluorescence microscopy. Indeed, we found the typical components of NETs, DNA in combination with histone and neutrophil granule proteins, located in close proximity to neutrophil infiltrates in affected glomeruli and in the interstitium (Fig. 2a-d and Supplementary Fig. 4 online). NETs were prominent in specimens with strong neutrophil infiltration (9 of 15 biopsies; Supplementary Table 2 online), suggesting that NET formation occurs predominantly during active disease. In situ NETs were decorated with the autoantigens MPO and PR3 (Fig. 2b,c) and were partially coated with the immunostimulatory peptide LL37 (Fig. 2d) . DNA tangles of NETs contribute to the acute tissue damage of small blood vessels during sepsis 7 . Likewise, ANCA-induced NET formation in glomerular capillaries may be detrimental to the entire glomerulum, which is in agreement with the focal nature of rapid progressive glomerulonephritis in subjects with SVV. Moreover, the persistence of NETs in the tissue could be prolonged by actin, an inhibitor of DNase released by NET-forming neutrophils, or by as yet undetermined genetic defects of DNAse function in subjects with SVV.
Autoinflammatory conditions such as psoriasis can be driven by pDCs, which produce large amounts of interferon-a (IFN-a) in the presence of DNA and LL37 (ref. 12) . As these cells reside in close proximity to glomeruli and tubuli of the kidney and increase in number under pathological conditions 13 , we searched for functional signs of local IFN-a production, which results in the upregulation of cytosolic myxovirus resistance protein A (MxA) in surrounding tissue cells 14 . Indeed, we observed increased expression of MxA in six of ten biopsies in close proximity to intraglomerular neutrophil infiltrates, strongly suggesting that pDC activation and local production of IFN-a occur in active SVV lesions (Fig. 2e, Supplementary Fig. 5 and Supplementary Table 2 online). This was further supported by significantly (P o 0.01) increased concentrations of INF-a measured in serum samples from individuals with active SVV, but not in individuals with inactive SVV or in healthy controls ( Supplementary Fig. 6 online) .
Increased levels of circulating nucleosomes, which have previously been observed in ANCA-associated SVV 15 , may be a further hint for NET formation. Chromatin in NETs is most likely degraded by extracellular DNases to soluble nucleosomes, and these fragments should therefore appear in the plasma during active disease. Using MPO-specific capture and subsequent DNA-specific detection antibodies, we identified circulating MPO-DNA complexes, especially in individuals with active SVV, that were absent in control sera from healthy individuals or subjects with multiple sclerosis (Fig. 2f) . We obtained similar results when we measured nucleosome-associated MPO activity ( Supplementary Fig. 7 online) . This indicated that circulating nucleosomes are, at least in part, derived from NETforming (netting) neutrophils.
In summary, we show that NETs occur in an autoinflammatory disorder in the absence of microbial infection. These fibrous DNA deposits, containing the targeted autoantigens PR3 and MPO, are suited to activate pDCs and autoreactive B cells in a Toll-like receptor 9-dependent manner 12, 16 . ANCAs may perpetuate a vicious circle of NET production that maintains the delivery of antigen-chromatin complexes to the immune system. The propensity of neutrophils to form NETs in individuals with SVV may be further enhanced by bacterial infections with Staphylococcus aureus, which is known to strongly induce NETs 8 and which seems to be linked to relapses during SVV 2 . Further studies are required to address whether suppression of NET formation, for instance with reactive oxygen species scavengers 8 , can ameliorate vasculitis and abrogate chronic autoimmunity in individuals suffering from SVV.
